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 Abstract  : Watching the change in the sea level rise in the coastal area caused by 
global climate warming has been strongly suggested by many researchers to be inevitably 
necessary for disaster prevention in the near future. A detection method for the true 
signals of crustal movement from secular variation of annual mean sea  level is proposed, 
which is very important for predicting earthquakes caused by subducting plates. 
   For this purpose, the sea level data at the Aburatsubo tidal station and the repetitional 
leveling survey data between the Tokyo Datum and the Aburatsubo tidal station are 
investigated in detail because many geodetic data on them have been accumulated since the 
1923 Great Kanto earthquake (M 7.9). 
   As a conclusion, the long-term sea level rises are found to be at rates of 0.9 mm/yr and 
1.9 mm/yr for the periods  1923-4-1988 and 1950-1988, respectively. These values are 
nearly equal to the world wide values obtained by Barnett (1984). 
   The recent annual rate of 1.9 mm/yr of the sea level rise for the period 1950-1988 is 
about twice as fast as the rate of 0.9 mm/yr for the longer period 1923-1988. Therefore, 
special attention should be paid to the future development of the rate of the sea level rise 
caused by global climate warming due to increasing  CO2, though its rate is very small at 
the present time.
1. Introduction 
   The rise in sea level caused by global climate warming due to increasing CO2 has 
recently been discussed in order to separate the sea level rise and vertical crustal 
movement from secular variation of annual mean sea level and to detect the true signals 
for earthquake prediction in  subduction zones. 
   To detect crustal movement in the coastal area from analyses of secular variation 
of annual mean sea level, it is a common method at present to  treat the eustatic rise 
which takes inverse signs of the data of annual mean sea level, assuming that the sea 
surface is invariable and, moreover, rise or sink of sea level is equivalent to subsidence 
or upheaval of land in the coastal area. If the rate of the sea level rise is not negligible 
compared with that of the subsidence of the land, however, large apparent crustal 
movements due to the sea level rise is expected to occur in addition to the real crustal 
movements due to subducting plate motion. Earthquake prediction in the near future 
seems to be very difficult in such a case, even if the detection of an anomalous crustal
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movement would be possible. For this reason, some separation methods of crustal 
movement and sea level rise from secular variation of annual mean sea level become a 
very important theme for predicting earthquakes caused by subducting plate motions. 
   Now, let us assume that the sea level rise occurs widely at every tidal station. In 
such a case, it is possible to separate and extract the sea level rise from secular variation 
of annual mean sea level by applying a suitable filter technique to that data. 
   Barnett (1984) developed the method of principal component analysis to extract the 
coherent and first eigen mode from the data and applied it to the detection of change in 
the sea level rise in six regions of the world. As a result, he obtained the rates of the 
sea level rise for the periods from 1881 to 1980 and from 1930 to 1980, estimated as 1.4 
mm/yr and 2.3 mm/yr, respectively. At Aburatsubo tidal station, the rate of the sea 
level rise was estimated as 4.9 mm/yr for the period from 1930 to 1980. This value 
seems to  include a considerable amount of vertical crustal movements due to subducting 
plate, while the sea level rises around the Japanese islands for the periods from 1900 to 
1985 and from 1900 to 1950 were estimated as 0.05 mm/yr and 1.4 mm/yr, respectively 
(J.M.A., 1989). 
   The following changes have been pointed out in the long-term sea level changes 
except for variations of one or a few years (Maximov,  1974)  ; (1) variation of about 7 
years due to nutation, (2) variation of about 11 years due to solar activity cycle, (3) 
variation of about 19-20 years due to long-term tidal variation including double solar 
activity cycle, and (4) variation of about 60 years due to the earth's rotation including 
geomagnetic secular variation (for example, Jin and Jin, 1989). 
   Referring to the above various periodic long-term variations and examining the 
results of the sea level changes given by the principal component analysis method 
obtained by J.M.A. (1989), variation of about 20 years superposed on 60-year variation 
is clearly suggested. Interpretation of the sea level rise is considered to become 
different according to how one observes the phase in the various variations. Then, the 
long-term variation of the sea level rise calculated by the principal component analysis 
method around the Japanese islands, which suffer severe crustal deformation from the 
subducting plates, is not considered to represent the precise sea level rise without making 
correction for the effect of vertical crustal movements due to subducting plates. It is 
inevitably necessary to separate the crustal movement and the sea level variation 
exactly. The possibility about the separation method was thus suggested to remove the 
crustal movement in the subduction zone using geodetic means by Tanaka and Gomi 
(1988) and Tanaka et al. (1989). 
   In this short note, the above mentioned separation method of the sea level rise and 
crustal movement is applied to the data of the repetitional leveling surveys carried out 
by the Geographical Survey Institute since 1923 between the Leveling Datum and the 
Aburatsubo tidal station in the southern Kanto district of Japan.
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2. Detection of Sea Level Rise and Vertical Crustal Deformation in Subduction Zone 
   from Secular Variation of Annual Mean Sea Level 
   Observations of crustal movements by repetitional geodetic surveys have been 
carried out mainly by the Geographical Survey Institute (G.S.I.) in Japan. Concerning 
the survey of the leveling networks in the Tokyo Metropolitan area, the 7th revisional 
survey was completed for the period 1984-1985, taking aim at the leveling survey 
repeated at intervals of about 5 years as one of the national repetitional survey projects 
based on the earthquake prediction plan of Japan. 
   The first order leveling survey between the Leveling Datum and the Aburatsubo tidal 
station was frequently carried out after the 1923 Great Kanto earthquake (M7.9). Since 
about 1970, it has been performed every year to watch the change in subducting crustal 
movement at the tip of the Miura Peninsula near Aburatsubo tidal station. 
   Figure 1 shows the location map of the leveling routes in the Tokyo Metropolitan
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Fig. 1 Leveling net in Kanto area for determining the height of the Leveling Datum . 
   Solid  line  ; leveling net adjusted for the period of about 60 years from 1923-26 to 1984. 
   Thick solid  line  ; leveling route fixed by stable bench marks (75 points selected) . 
 Numerals  ; closing circuit in km (upper), closing error in mm (middle) and the limit of
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 Fig. 2 Secular change in height of Aburatsubo annual mean sea level relative to the 
   submarine standard surface which is 5 m under the fixed mark at the Aburatsubo tidal 
   station. This indicates some interaction between the sea surface change and the 
   crustal deformation having a fluctuation period of about 19 to 20 years.
area used for this investigation together with the recent survey result (1984-5). The 
height of the Leveling Datum can be obtained from the net adjustment by fixing many 
stable bench marks on the surrounding routes in the northern Kanto district as shown by 
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Fig. 3 Secular change in height of Leveling Datum relative to the fixed mark at Abura-
   tsubo tidal station. This indicates that the fixed mark has continued subsiding at the 
   rate of 2.14 mm/yr relative to Leveling Datum. The large fluctuation of the fixed 
   mark suggests a period of about 19 to 20 years, after the 1923 Great Kanto earthquake 
   (M 7.9).
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Datum to the Aburatsubo tidal station has been carried out every year to watch the 
change in height of the Datum. 
   Figure 2 shows the secular change in height of the Aburatsubo annual mean sea level 
after the 1923 Great Kanto earthquake (M7.9) relative to the submarine standard surface 
which is 5 m under the fixed mark at Aburatsubo tidal station. The secular variation 
shows the rise of the sea surface, that is, the subsidence of the land, at a rate of 3.6 mm/ 
yr. Further, we see in this figure a large sea surface fluctuation with a period of about 
20 years, which should include both the secular change in the sea level rise and the crustal 
subsidence caused by the subducting Philippine Sea plate. 
   Figure 3 shows the secular change in relative height of the land connected between 
the Datum and the fixed mark at Aburatsubo tidal station by the direct repetitional 
precise leveling. The fixed mark shows the secular subsidence at a rate of 2.14 mm/yr 
relative to the Datum. In this figure, the large fluctuation of the fixed mark suggests 
about  19-20 years fluctuation, which seems to be related to the changing geopotential 
field difference in comparison with Fig. 2. 
   Figure 4 shows the secular variation of the sea level rise relative to the submarine 
standard surface at Aburatsubo tidal station for the period of 65 years, which was 
obtained by removing the secular linear trend of crustal subsidence given in Fig. 3 from 
the linear trend of Fig. 2. The linear trend at a rate of 1.5 mm/yr in Fig. 4 is thus 
considered to express the secular trend of the sea level rise under the assumption that the 
change in height of the Leveling Datum is negligibly small. 
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Fig. 4 Secular variation of the sea level rise for 65-year period relative to the submarine 
   standard surface at Aburatsubo. This result has been corrected for the secular linear 
   trend of the crustal subsidence given by Fig. 3 to indicate the secular sea level rise at 
   the rate of 1.5 mm/yr.
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 Fig. 5 Secular changes in height of Miura Peninsula (first order leveling points) relative 
    to the Datum. This result was obtained from the direct precise first order leveling.
Table 1. Secular 
    Adjustment 
    ling Datum 
 Change') in
 Changes') in Height of the Leveling Datum Obtained from the Net 
Method and from the Repetitional Direct Leveling between the  Leve-
and the Fixed Mark at Aburatsubo Tidal Station Together with 
Sea Level at Aburatsubo
Change in height of Datum obtained 
   from leveling net adjustment
Survey year
 1923  --'26
 1949  -'52
 1965  '68
 1972--'75
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about 1944, about 1963 and about 1985. On the contrary, the secular change in the height 
of the Leveling Datum relative to Aburatsubo T.S. (Fixed mark) obtained from direct 
leveling has three peaks at about 1934, about 1953 and about 1970 as shown in Fig. 3. It 
is  found that the phase  difference between them is about 7 to 8 years, though the phase 
difference of a half cycle (about 10 years) is expected theoretically for the macroscopic 
tidal loading effect, that is, the changing geopotential field difference. Figure 5 shows 
the secular changes in height of Miura Peninsula (first order leveling points) relative to 
the Leveling Datum for reference. This result was obtained by the direct precise 
leveling. From these results, it is also suggested that the next large sporadic change in 
height after the 1968-70 event may be seen at about 1992-3, when the periodic change of 
about 20 years is assumed. 
   On the other hand, the change in height of the Datum can be estimated from the net 
adjustment of every repeated survey by fixing the stable bench marks, as shown by the 
thick solid lines in Fig. 1. Table 1 shows the secular change in height of the Leveling 
Datum obtained from the net adjustment (left) and that obtained from the Aburatsubo 
tidal values (middle). The latter is obtained from the results of Fig. 2 and 3. The 
difference in the Datum height between these two results is expected to show the long 
term slow sea level rise for the period 1950-1984, as shown in the right column in Table 
1. 
   From these results, it can also be pointed out that the change in height of the 
Leveling Datum has been very stable for recent 70 years. The figures in the parentheses 
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Fig. 6 The secular changes in annual mean sea level of overall average in the world for 
   two different time periods of 1881-1980 (dots) and 1930-1980 (open circles). The solid 
   and dashed lines calculated by least squares fits show sea level rises at rates of 1.43 
   mm/yr and 2.27 mm/yr, respectively (Barnett, 1984).
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level, the values of the Datum height obtained by these two methods should be within the 
respective observation errors and are expected to show the same linear trend. As seen 
in the right column of Table 1, however, the difference between the two results is found 
significant, as far as the secular trends were concerned. Therefore, this indicates the 
presence of the long-term slow sea level rise.
3. Conclusion 
   The recent result of the secular change in the height of the Datum shows the rate of 
0.6 mm/yr for the period from 1923-26 to 1984 relative to the surrounding stable bench 
marks. Since the secular trend of the mean sea level relative to the Datum has a rate 
of 1.5 mm/yr as stated before  (cf  . Fig. 4), the sea level rise at a rate of 0.9 mm/yr is 
obtained for this period. On the other hand, sea level rise at the rate of 1.9 mm/yr is 
obtained for the period 1950-1984 as given in Table 1. 
   As a conclusion, the long-term sea level rises at Aburatsubo tidal station are found 
to be at rates of 0.9 mm/yr and 1.9 mm/yr for the periods from 1923-4 to 1988 and from 
1950 to 1988, respectively. These values show the precise secular trend of the sea level 
rise around Aburatsubo tidal station which has been corrected for vertical crustal 
movement in the subduction zone for the first time in the world. They are nearly equal 
to the worldwide values of the overall average of sea level data for two different time 
periods, 1881-1980 and 1930-1980, obtained by Barnett (1984)  (cf  . Fig. 6). The long-term 
slow sea level rise at Aburatsubo tidal station obtained in this report is thus expected to 
show the sea level rise around the Japanese islands. 
   The recent annual rate of 1.9 mm/yr of the sea level rise for the period from 1950 to 
1988 is about twice as fast as the rate of 0.9 mm/yr for the longer period from 1923 to 
1988. Therefore, special attention should be paid to the future development of the rate 
of the sea level rise caused by global climate warming due to increasing  CO2, though its 
rate is very small at the present time.
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